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Structure* Evolution of Aromatic-Derivatxzed Thiol 
Monolayers on Evaporated Cold 

' Yu-Ta£ Tao, * Chien-Chbig Wu," JUYzng Eu, and Wen : Ling Uxx 

frnizuK At Chaniairy, AtedurJa Si^ca. Taipei, Taiwan, XepuMc of Ch&* 

Xwaog.Chen Wu *nd Chun-hsien Chan* 

Dcpartngacot Chemsvy, Mama; Sun Yet-Stn University, 
Kzohsiung, Taiwan 80424, Republic of Chin* 

Xnoaivsd January 32, 1997, In ft*'*! Swm May J2 t 
^S^^u ******* belW£co ^orxnoiecuJ&rtoterlctian end ths bangle pr^4™*^ 



Introduction 

Ths self-assamMing or organothiol aa gold to farm s 
manolayer ha& attract couch Retention lately bcth fi-ora 
ths tundarnenceJ point cfvJtfw rad fro nr. -.heir apolicaaon 
prcspfttrsj In zfcoix applications, structural ofdsr aod 
taragrity of ths JUni are cf major eoneem. A siinpJa 
Blkansthiol mrruwayer is one of the moat xhorcuffflly 
studied fielAaweniblsd monolayer (SAM) systeas. Do- 
called structural fefannaWpn regarding the pacfcLso 
orientation, ea well as conformation of the molecular 
chefcifl have been accuroula.tfcd by various aiMUyttc&l 
tochmqueF,^ 1 Tne an^atic-craiAtaing monolayer Ls of 
importance because many optoelectronic spallations 
involva an arcniatte chPoanophtrTq as too functionary unit 
Many studies of oromfltic-ooiiwiaing mopolavers on gold 
have been reported, with the aromatic sjniety sis the only 
gajor componentcr as sp^n of a chain or in the presence 
of oxhar funrfenaJ groups."-*? It haa been shown that 
such xnoleeulea anchor on goSdsybsrreses predominantly 

^•A^jrpra^ punished in Advance /JCS Absncs. June 13 1 997 
U7ms^u7 ^^J^Zmi; ACsa^mlcPrKS: Boron, MA, 1891, WUlxnarJ 
f2) Pgrcs-, M. D,j3rtsNt,T 2.: AJJ«.Z5. 1_; Cilidiev.C. & D. Jt A» 

r^T. t^%^?4b^ sCTki - s - *- s «■ j - ^ 

6) l^fetoU,P.;WWtc5ii«. S. M.-, ?BTUcti. A. N,; Tnz. ~ T.{ ADara. 

»aff58SW^JS!r^ J - & ^ ^ ^ 5 * l9U - ;/ * 

IB) (a) SffOTtt,l,;Whit«iriM.G,M., 



through che sulfur atam inaiead of ihc aroincrlc ring w 
N Bverthalesfi , a variety of pt3-H5tural details are prroosedL 
It is naiad th»t far the stop] eat member of the ar^lhiol 
.thippjienol. the detailed structure has not besn 
fejguoudly darEsrampd. On the bads of several niarAods 
Sabatani et b/.« cencjuded tbat ttioohano) ftnw eoerlv 
deaned mcncldyes. Well-ordered I&tcica smicture wae 
apt rmxad W high-impedaiice ssanaing ttnnaling nasros^ 
copy \5TM) rcr thicphenol monolayftr eiiher. 16 With an 
increase of ths nvrmiiar of arormotiq moieties, th& mono- 
layer* become ofdaer roore ds^taly nadied or vueU w- 
Q ?^i presumably a result of smrager adaorbaxs- 
©aaDrDateootftracacrr^ The a£fcKgfapendincolfcrl chain 
cm the packing Is not well understood. * 450 

In this paoar w wlah to repor; cut fWtner struttural 
studies far ynono layers ftemad by 3 series of arczn£.tic- 
oertvatiaed thials, nsmsJy, I-IV (Chart 1), on gpld to srricr 

• io^2^ f^S^? 3 ^ X] ****** I 

- 5? Si??«lS» M. a,: Jm. 5. L.; Ptmbertoa J, 2. Lengwujr ibSS* 
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XsE,OCK a> OC, c H e 

to dalinaaieiaoirs thai dacennu?« the structural order, 
Her* the ^wbaca-adscrbaiainterftcttoiorAaniwJlated 
to two ways. along the Jnie «f aforementioned 

packing promoted by inrtw»le=ular artractian& 1 we 
py*wriarka3y examine njqncl ay er etru ctur as *s £ function 
of tha nnrrm er of rings involved wad the length of the alky! 
chain connsclfidtoaisrJns. Secfcrid, Y.*?erarbthsCTeric 
confonnatiCG' of head groups by inserting one methylene 
unit to Uewsen the aryl and the ineraast© group 
compound* n and rV). The results ahorv, for the first 
time, that the insertion of the methylene unh can turn 
fl] -defined thiopheno) monolayers into well-ordered SAMs 
of berwy) rnercapssm In addition, depending on the 
length of a pars-wbstituted alko^y group, verooua aruc- 
rural order and pacldng .density were obtained foe 
EhSaphenoL AsirmuattonrBodeJ derived by Sellexa eial w 
ia adopted to dscidaiB the discrepancy arising froci zho 
insurUon of the rnethylana unit The different behavior 
is srcrlbuted to a counterbalance of inter oielecular sn- 
xera<rtlon and bond angle preference at the sulfur atora 
tap* versus- op). 

Experimental. Section 

Materials.. Thiophtnol, etdsyl ciercapcar), end benwl tser- 
capren wero ah tain 3 6 frorp AJdricb end used direcUy. 4-Meth- 
pKybanzyl moronptex^ 4-biphcuntaioe3win tibial, (^^Kneihwo*- 
biphanyihTicthaarthloJaad frM -ft^adoeyio»y)Wp^enyJ)aiEdj. 
anaCiioiTO't prgsarcd bytlai weasubatfwtian of con-ejoondiaa 
ben^lie bramida JaUowd by hydr dysis.^ The «f-WphcnylihioI 
and 4.A -uiorhDjcybipht^yitbSol were Eynrhasizod from csrra- 
spomUDj aryl bromide by mocal— Jjalo^cm E»:h&ngB JbJlmVed by 
sulfur quezach, 4.4' ; fHsx*dc5y3aKy)b^heDyttWDl was prapar*! " 
by flfldiuro sthwthlolare substJiutJon of thr oorreSondinE 
aroraida followed by aeJastivo deatkyl«icn of tha reaultmS 
•Kiflttber.M * 

SubstratePreparacian. The galdsubscraras Ware prepprad 
by v&por depnsttumof aboir-£OD nm of said (35,95% purity) onto 
ir=shlv cloaved l-in. mica shosts ar a rare of I rjoLfe under a 
pressure of 9 x J D" 7 Tojt using an tUvas cryo*ps#np ed evapormcr. 
The vacuum chamber was bank-filled ^.higr^purttyniirogen 
after 43 min after dsposttioa The gold rabxtrsW- wer* 
trsisfeirficj a 5 furnace end annealed ar 3 OQ *C fcr < h- Ths 
rousbnass 2**ar for svhstrates prepared under these condition 
wn£uu>nat4dTDbGl-2.* ^5 s Q ^^ro-Bi^» wtrt cleaned in 
a UV osr»e- clnancsr for 1 h end waohed whh ethaaoJ riftbt beior- 
ttoe subflirazas were femn£r«ed in rhici folytion. For IR 
meesurenifini, eflisan wafers •u/aro used as zht aubnr^te in 
gold ciejjDcition. Aa ad he a te n lsyar of chramiuir. (5—10 nmj va» 
d^pbfiiiod bcfnrft gold evaporation. 

MonoIavE^ Prpparaiifln. Thiols Tdth ons phenyl ring pre 
dii«]v»d in eth?saol tn a cancanrraaion or 1 »M» Campcmn^ 
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6*£ - 



■ A^^-mh, 



{ 1 




•TO 



-low 



••,200 .^00 



PSaui^ X. CViiJC voliaizsaaw e-Jrvea far Au-S-CHj, Au- 
^-CcH^-O^&H,, and Att-3-fc.H«-0-C,i5fa monUayere. 

consaining twp «nnnatJc rla«j art Jess aolublc and w«ro fci 
d^sojved >ji o TrdrrimiTOT amovw^ of TKF, and then emsooJ w« 
added w make up the flaoj pdutiaa of 0.2c mM Sutscrato 
w ^^n7iax3edinsoli3rionftjrail£aFi24h, SampUs wers wa»bad 
with THP end etnanolauccesBivaly snd driad vnth a How of arg on 
gas or spua-drisd prtcc cq use. 

fflerobchtnnicaJMBawemejit. A CV-27 patantiistat or 
a j DOS eleon»oanalffxis sysnan iSaoona^tiaal Syafccms West 
LaJayttM, IN) was used in oydk vdiantnetry jneocurwiEnts, 
A caovondonalThr BCHdecrrc d e oeU was used vith the area of ths 
wo?tans alcarode defined by rha opening ti\ an inert etaswnur 
v/S^r' ^' APtccUza*diia?yeleOTOclfiandartAB/AsCi/S 
M Na^J refhran^G alcetroda^ers usfidi aB voi=ages wcrcrccordad 
wtth respoet to iWs rcffer&siac aisocrDdc The- auppordne oi^c- 
OT^yte wwOiM KOH [99^ purtty) in di^tlQeU detcnixed 
water. The sohiuonv«fi purgetf wtth ergon fnr 10 m«n n-sor ta 
xho J e *?^t , ?, TO ^»APP^EdpoTeniialwfiE cycled t^cwoCi -0.2 
!f d ri*f ? V K 1 scm raie °f 100 rtV^o with w Initial pctesdal 
ox "»D,2 V, 

SmMBaHuranwnB. STMTOiaflurnnentswerafcatrtadoiit 
with a NanoacopQ U (Dipwa tortruxnanis, Sa.ua Barbara, CA) 
uams * caaainsreial Pt/lr dp or a uinratcn np whth wes 
clKtraohaerriaady wahad to 1 M KOH? Ths unaeea were 
caljnrflTBdby£toagitt£Au(lii) orHOPC {highly erianr^pyralycc 
^raphlTs; in air. 

Derails of infrared rneasupswen^, aHjpseiTway .Tie 1 sure* 
raajtfi^and cannact angle xneasursnusR. ware described previ- 

RepuHs 

ElfcGtrochfimlcal Meaawrement, The #y?icai linear 
weep voicamnrjenie curves far the four series oT mono- 
layers an Au are shown hi Figures 1-4. A surarnary of 
the desorption peal< potentials and calculated arface 
covcrs^eB ahovm in Table 1. In general, -Jia paak on 
tho rediierive aaan represents the desorptiaa of the 
monolayer trom the gold electrode. Tha area under tf*o 
peairaiaxestha mmabar of rool »c«J as" f^ia : vver &r educti vely 
desorbad frcm the axa-faoe as tidojatc aaswning a one- 
eiestran reduction cTocfiss 7 ^ end is directfv related to the 
Btaface coverage, the psaX poxeatial has bean ahown to 
depend on the hydrocarbon chain length of the thi&late 
and sych dapsrua«nce is cuggRj^ad to be related to the 
potantialrftouirei? toeaxabliah s potential gr^iisntxhrouoh 
the film that induces an ion &ux euffldent xo support cho 
redueaoa process It is noted chat for tha series H and 
rv\ ail the de&orptian peaks isra rather sharp and wall 
d€nmd, wbathar It is unsuhstiruted or eubotituied with 
allcoxy group of different length, Moreover, the eur/aoc 
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T.gA 0,3 (-1167) 
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-300 -mq ^no 



T" 



-iD&O -1WO 

I^!£Sf a *? alcutod from ihs -under the oeaks 
2,i£2P^ * *ubrt went group m Ttha 

BTomsocrag, And the value is a&ao dose to ibar fa- 

h^^sthl^ie monolayer, an over^a^To* * 
«/3)aSD fc w« ff hown by various methods, and a oaSta* 

two amet most: likaJy o«£ ?y a hSS »tt£ of 

P™n*al ^ a trend to bc^ms more n^ptt* ££h 
-hs trend is ffior. tfprfwwt fcr ch* nwnophanyl sv^Sn 



I to* 




-300 



-400 -GOO 



«*O0 



-1000 -1»0 -HDD 



(~24D mV dtffereucQ in joing from unaubstttuitd 
^»fn^^ 

(b^phei^jystenL THe d^orpsojfn^ poi^tiS is aLo 

to am a-oificent for sb m chain ( or unsubsttraad? 
denvatxve* than the long chain dsrivibvaT UDSCTLteC) 
On th* other hand, far S&ri^ I mid HI, the dcsoratinri 

wtsd rather bma4 ano" flMSStf ?%rS "that 

was also obsftrvacL oiy vw^^ cfe 

sufcstitusnt i 

aubatltatfld thiophfi 

fel 0 ?^^ 8 ^ b8 ^on 5 to 7.7Tj^»Sg 
( mL ^^^er^Ie) for the hsot^evtez-auhKituSd 

the P&cklrjg b-rcosBBs denser. 1- is furthsrnoted tSt^ 

?*? observwi arses n and iv, v^h couid ^Sy 
tSSSS? ^^/^ nOT Pack well in the adsorbed 

mirarfid Rtflection Absorption Spacta-a. Rsn^ft. 
tion-abac^or,ra^^ 
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Structun Svoiuaoi) at Thiol Monolayers 
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EXpurft 5. Inl-BPed rafldcctan ahaarmion wsctra Dor fa) Au- 

X5LMe 2, Infrared Rtog-ftTBtciilag Freowencv pf 
Shift from Co^gponging Vauttfc j^KEr Sampl^cma^ 

i ix in rv 



X = K 



1488, -7 
UB8,^9 



1494,0 
1SK, I 



^75 ( -3 HB8, E 
147B,~7 1601,0 
1473,0 J50l,0 



of compounds were takec. A representative striae Gbr 
CD^oimfiBassiiOwnijiFlgijDreS, (TheorfieraarefluMOied 
ftsSuMK^tatozntian.) Inderal, the i^p S #*S 

!^ tue ? L ^ for Clfi ******** 
poaittens far methylene strstefa&s (ar 2918 and 2850 am" 1 
respectively to H ana abiftad law than 2 eu" to higher 
end for the other three series) sntflcats doss packing if 
not % perfectly crystalline state of the chains, ^ar-eare 
some variants Jr. tha relative intensities, Which should 
oe dependent on tha exact ebsdn tflt and twist. The 
Mthe^^bstitutatf anas all exhibit tha sama intansiiv 

29S0=m 3 . The only major feature for the unfiubstiwted 
ones As & weak band around 3062 cra~> , which Is aa^Erted 
es tha j^raaric C-H stretch. Intb B 2a^^ usr ^^^ 
of partcular interest is the peaJc positions for the 53 
sirrah mode occurring BI erovrac 2-1 315 cxn" 1 when 
fSEEST* £ 1(311 «f isotropic sample, i** 

f ^fv*S g frequency qj the aromatic ring of monolayer* 
I and in oa Au shifted to Jow«r values (by 5-9 wave. 
v^irflS <l «iJ fl WBd»a*tis)K3f spectra., except with 
X = C 1 6/nr HI, whereas far monolayers of XI and IVther- 
2-Sf 07 * P^ve shift ia this rineT 

stretching frequency as Oteapared to that in the KBr 
§£■22 \r i tel9Ucfftten of *r*rids be 
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Table S. HIZipAomeerJe TbieJcnesp of 
arJvattrcd Tlxiol " 



A»oqmaasy>pe^vottEcd Thiol Mono Layers on 



1 



IV 



1.6 
Z23 



2.4 
5,2 



8.4 
20.6 



ID. 3 
13.8 
33.S 



e J^ annin 5 T-uxmeiiue Microscopy Measurement 
tfTxir? mefisuremantB show that the anoaalad bare srgjd . 
substrates oihlblt smooth plaraaus with average aise of 
ctoDnmia width. Images obtained on platBaua and 
torracas aracomppsed of hejcasonaiJy dcie decked axon* 

OfAuCiZl) ariencatiOTa. AnfeuraerteflofthinlaaJBiifieandv 
affectthasijbstratss, resuinrjgin rooxphoioglcSffeatms 
of piis ano japs-d atap edges which Ara chafacterirtla of 

cancerns ofajBr^layBrsnpusurafiintarfsrMgvvithrhe STM 
t> due to the lesa eoridtaodve long alKyl chainfi, our report 
WD concentrate an unsuhstltuted ones 0C r{) F ' 

6a is a rapreaeniErtjv- image obtained wish 2 GO tunnalim 
impaoance (a Kins volTa»a and Tunneling curren; of 1 OV 
* i ^ resoepKvely) . Under this condition, there is 
no indicarJoD of oestcucrive irpaging, Onlv one lattice 
scnipare is obssr^d -The unit Ci a sfisnsniim is <.& i 
0.* A and the angle betwean lattic* vaoors is 53 i 5' ■ 
conatetont with a (J3 x J3)R2Q" smictura. The cwk 
defect shown Jn the image also exhibits the 3 ame lattice 
•paraaeters whiih can be seen clearly by adjusting 

die adiayer adopts px^crtfcdly a US * 
j^RBD; srru=rure, although an unaaeignaa local acruVure 
is alflo found" A typical image of Tha (VS ^ V2)RSC« 
H ™^if rented in Figure 6b, which was abtained 
with X OQ turmelicg irnpadenoft. w« nrndsa that cfao 

as that of ben^l reercapLan CXI). The origin of this 
dJSarenca UprobaMy erisSnfi from th« focTthat 

5sT mmml * yars ^^aryl^g thicker 
In contrasr, fttr monol3yers of a^iae J and m x 

^solved arrays era oasarvea, coherent with tha Andin* 
Of apreyiota STM study by Dhiraxri etaL* In the teel 
ofp^e^^Jphartylthioi CrvnthOCicHw), w observed 
a vv^S x ys)R3C- overlay er in only a fowioaastoS^S 
domsun size is as email as ra. 4 nnx Xha ton smicturo 
appear© predominantly disordered. 
■ Ellipsometric Thickness Maa^xrremeiic. The a), 
b^errlc thlokn^ es of xh*3<3 mono^y-^ arr coU^d 
j Table S. ^ajiprlvaly, thi? bwwyi meroapTan derive 
tlvea OB and TV) are thicks, wherrao^ared^ 

^he additinnal Cf5 2 unitin the beruy) laor^pton^Brn! 
W7 C31) axxrnZ- J.iHartebbioi.S.A. igt*,«; 3577 _ 



•V w » 711 DOSE PS-9> 

runnlns plos swi Une dufe^ -S ^eT-^ndiK 1 »^ohS 

SShSi^ 2?^' *t arsaSaSSSifSSiSa 
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A*oa»a^e-J&crtv«tS2arf ThloJ Monolayers em 
Svaporarcd Au 
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IV 



03 

64 
112 



80 
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112 
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55 

in 



SSXF - w f? J wonDphwiyi analogues a and ID, e* one 
would fflfpsct for the additional phenyl group fa the 

obs ^arvsdthickneaaa fa the unsubstitured or anor:H*h»in 

betwasn wh is mnrTthaxTt^ 

Mrtain^.ttsaciated with aHipspmsiry niGaoureaant 
{ f^ t ^j*****? 5 ' surfacs coniamloation on -bare* gold 
u i 5* W ^ if dSffcreoi packing denairy in sacn series as 
ovidanoed by ekctraehemica} <tea. The dlipsomttrv 
dnta here can only serve as a quattraidve cupport cfthe 
"monolflye^ i»tu« of the adsorbed film. 

Contact Angle Meaewenaem. Wacar eontact asaelB 
value* are reported Jn Table 4. T* an be seenSalfc 
vawewwetangias nn II a»d IV TOanolavers are hichS 
than th ass en the annWuas in I and m, out tfie ctifferlnce 
with ^a-uuSag tb* length of X fccS 

SL^V 3 ^*, cd tb* underlying 

subserq^ It could also inraly that the difference in ihf 
«rucrur Q beween Z and H lorHI and IV} dtadiufihas as 
X increaaee in chafa length. 

Discussion 

r^^-lT ?PP^ tp ^ »w cwd csteeoriefi. The first 
ta.egnry Includes benzyl mercaptw OD and 4-fatoheav 

betwaan the rthial head group and ths aromaacrtngT Tnav 
give v/ejl-dafitned eyeUr voltammetry b^vHfi 

eorraapand well t* thai of > clpse-packed ^ajSn^Sof 
x V3;RS0' overlay er, a* al*o evidenced by STJvf 



W = fiOO xnV. noarost-nirt^bar «padng 4.9 ±03 

both riband and ^ni^asrytWcphanal^voVS^ 
!W 2l Gn * ft2 * low surfaa 00 wa^ which 
Paddng denary. This is m asraemeci wlUi 9TM obeer- 
S™aS^ thtophano, 

rh J^^f 5 ^ t *? tw « en the3C ^ categories ahowa 
th& ftgn^eanotr of the inserted TDethylen© unit .For' 

} * u° ^ru^« suggests the himngbon- 

pftd^g of phenyl or blphony 1 muit^ Coasidfirm ^ 
pension of the jph=ovi ring =« a herrin^fS^ 

^o^»pcta of d&axuyS disulfide on a£lY«r,^ wn^^a 

S^^S. 81 ? 3 *?^ ' ^a^uad; Wiethe 
rnsthytofi urut, -I and m, the negative shifts in the TR 

Of djphisnyl disulfido on atfver* w^tSS 

^ v. , 5l? eJ ^ bo:Tn , 8 P^ 18 "^ and thus results SjTa 
cwnpoutjd, tb««etfayto» outran inoiguing 
onwtwe the phenyl ung verdcal w the aurt^e 
h J^f ? i,: 5f :al rcae of the methjlen- unJt «n b« Ui^i-Kad 
ealeulaaoiiB of Sellare tz aV who prooeaad m'and 

™ i ' r^Pf*^5y I« ths ease of sawrateda-ftikanethiol 
en A U (1U), tea tread to the cOd-even E £f eC : BbseiWS 
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w Trrhrr7T7rrrrn777777T77r 

W M 
Wjure7. Poasfol* orierad on of monolayers of {e) tfctopto enal 
and (fa) benzyl mareaptan tarlvatrveara 0cld/ 

Ir.m.w ^hich reflating the ozSancattoa of the tanntaai 
naatnyi group, dearly implies a preference of sp fl hybrid- 
tecjjan rath* sulfur atom (or a bent, Au-5-^C bond cask) 

* a zigzag extension of the aiKyi chain. Aldaear 
£?ZuZ > « n ?? U {Dr hybridisation) has b*en 
invoked to rationalize a wversed trend in the- odd-even 
effect ob iervad on Ag. in the case of compounds I and 
. HI with X =*H and OGH 3 , the tilt orientation of phenyl 
rif ^ L S? MS ttmt *E* hybridh^tic- is more fa varay* than 
sp nybrtdJaRtioij (Figure 7a). Par oomoounds II and IV, 
in order u> adopt the clnsa-packad" X V3)R50" 
structure, e band angle of C-S-Au is renuirad, Cwise- 
touatiry, sp c rwbrimxato appears to be the fevorablaons 
for expound* 23 and IV as well (figure 7 b). In eitber 
canagnri', the iS atom adopts ap> b/Drf.disacion whan X » 
rtorOCTis. Thereforo, the rnsertfrrn of a methylene unrc 
can relax the rigidity of'the thiol haari gcoupand lead to 
a stronger imerroaleoular interErtlcrL 

' For comaoundsl undXECwtth along chain substiiuftrit. 
eucn as z nax&desyl group, cha rieixrnehernlcal behavior 
is approaching that of the benzyl raercaptans. The Sam* 
jk p 2r»Bm in the CH strstchios region also imolias similar 
paoWng and csieKatto in the long aTkyl chain portion 
This would oompfil the long axis off the bemsn* rsns to 
point nearly perpenoletdarroiheaurcica. rhis fa achieved 
f5' * Skater awfaea-S-C bond angle or. ecrulvalEntly, 
the adoption of sp byhridiotf on as the eulfur'aror- wisi 
energy comp*n«icsd by a greater interehein Interaction, 



Lex&huir, Vol J£ Mo t 25, 1897 1 4023 

. Conclusions . 
Jt is shown in thin *twdy that for pteryl-egb«tiurced 
worn, the structure of a monaiayer farmed an gold is 
dependent on the iocation of the aromatic ring. With a 
methylene uni- snoertBd between the phenyl ring and the 

S 1 ? 1 ^ 6 ^ *£HP' * ac * sJ y P***<* crdened monolayer 
of (VS x V3)RSO e structure can be itemed. The sub* 
strcuertt st the para-ooBifcion increases the intecefaain 



and/ararrarigBraGnt With a thiol group EhVacUyarcachaS 
to -the arometUj ring, the para^ubstituent effaces the 
pacx^ginthu monaiayer. Intheabaenceoffesubstituent 

, cr4ntopr«Banosof afihortch^ Glesedwely pecked 
monolayer with coverage m low aa BOW of that ofa fully 
pasted roonolayer can result. A longer chain introdu d 
greatpr interehain interaction and results in a higher 
eoyeragB. The difrerenCs between th^e byo i^eOTrias af 
is BUgB«ted to be a balanc* ^ th a interchain 
hitaractun) and the binding geometry adopted at tha 
ttHolatehead group. An sp* hybridization is sufigejted to 
be the fevprecL fitata ar the sulfur atom Tniag^metry 
allows the btos^iyp* thiol* to ammga the armnaticxjiiinE 
into a wen-araarad packing b-Jt prohibit the ihiopb«n<5- 
type molecules tD errangQ their aromatic mciety. VVitha 

. Jo^sr substlfuem as the para-positlon. greatar paddnff 
tosrtetf on causes a ehsaffo of bond angle (or a changeo? 
h^bridiaatson) to allow a tighter packing of the 

Actowledgmc«t Financial cuppcrt from National 
£ H aa ? 5 3leput0ic o? China, is enaefuliy acknow]- 

edged. CrtC, gratefully acknowledges the Che=nistry 
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generous cterdng fund 

Suppnrttog Inform&tfioa Available; Pigurefl of u> 
Trared refraction ebsnrbancG tpeciru fa? n-JV manDtoira rl 



* RCVD AT W3/2005 e.-S^OO PM [Eastern Daylfght TImeJ * SVR:USPTO^FXRF-6/25 » DNfS:2738300 * CSID:972 480 8865 » DURATION (mm-ss):0542 



NO. 1639 P. 16 

Page i of 2 





United States 
Patent and 
Trademark Office 



Deposit ACCP unLStatement 

Requested Statement Month: 

Deposit Account Number: 

Name; 

Attention: 

Address: 

City; 

State: 

Zip: 

Country; 



July 2005 
062395 

HOT GAINES, PC. 

PO BOX 832570 

RICHARDSON 

TX 

75083 

UNITED STATES OF AMERICA 



DATE SFO POSTING 
REFTXT 



07/08 314 
07/11 126 
07/11 292 
07/12 77 
07/12 265 
07/13 41 
07/13 116 
07/14 17 
07/14 313 
07/14 314 
07/14 315 
07/14 316 
07/19 177 
07/21 287 
^07/22 1 
07/25 3 
07/25 4 
07/26 58 
07/27 48 
07/27 61 
07/28 6 
07/28 13 
07/29 5 
07/29 6 
07/29 222 



60696583 
10379147 
11143803 
10727709 
0139250572 
E-REPLENISHMENT 
10323370 



ATTORNEY 

DOCKET 

NBR 

SEYC-0001PV 
REITH 

A. LANDSCHAFT7-7. 



FEE 
CODE 



AMT 



BAL 



FSC-0014PH 



ERBEN 3-43-3 
D.GILL 15-36 
A.LANDSCHAFT 9-1 
A.LANDSCHAFT 9-1 
A.LANDSCHAFT 9-1 
A.LANDSCHAFT 9-1 
10/405398 
KIZILYALLI 50-23 



10875015 
11178944 
11178944 
11178944 
11178944 
10405398 
09626943 
10727709 

10062776 BENNETT 6-5 

E-REPLENISHMENT 
09993114 01-633 
09234351 M. WILLIAMS 2 

10041148 C.BERTHOUD22 
E-REPLENISHMENT 
10119475 
09953581 
09953581 
08656629 



L.N.YAGATI 2 
BRNS-O007 
BRNS-0007 
AVYA-04JP 



START 



SUM OF 



2005 


S100.00 


$3,424.00 


1401 


S500.00 


$2,924.00 


•7 8007 


$20.00 


$2,904.00 


1801 


$790.00 


$2,114.00 


8014 


$25.00 


$2,089.00 


9203 


-S2.500.00 $4,589.00 


1806 


$180.00 


$4,409.00 


8007 


$20.00 


$4,389.00 


1011 


$300.00 


$4,089.00 


1111 


$500,00 


$3,589.00 


1311 


$200.00 


$3,389.00 


1202 


$250.00 


$3,139.00 


1801 


$790.00 


$2,349.00 


1402 


$500.00 


$1,849.00 


1801 


$790.00 


$1,069.00 


1601 


$790.00 


$269.00 


9203 


-$2,500.00 $2,769.00 


1251 


$120.00 


$2,649.00 


8007 


$20.00 


$2,629.00 


1401 


$500.00 


$2,129.00 


9203 


-$2,500.00 $4,629.00 


1801 


$790,00 


$3,839.00 


2201 


$100.00 


$3,739.00 


2202 


$150.00 


$3,569.00 


8007 


$20.00 


$3,569.00 


SUM OF 


END 





16/17' 



Attachment B 

* 8VR:USPTO€FXRF4i/25 * DHIS:2738300 * CS!D:972 480 8«65 ; DURATI0N (mm-s$):i 



NO. 1639 P. 17 

Page 2 of 2 



BALANCE 
$3,524.00 



CHARGES 
$7,455.00 



REPLENISH BALANCE 
$7,500.00 $3,669.00 



17/17' 



f n DayfigW TimeJ • SVR:USPTO-EFXRF^/25 * DNK?2?38300 * CSJD:972480 8865 i ro^TlbN^s):OW2 2005 



AUG. 3. 2005 5:56PM HITT GAINES 9724808865 



?A7f- 



i !<•> n\ r-» 17— C T ' f -i.- 



Hitt Gaines, P.c. 

Intellectual Property Law & Related Matters 



OFFICE 



FACSIMILE TRANSMISSION 



TO: 

FAX NO. 

FROM: 

RE: 

DATE: 
PAGES: 



USPTO 

Examiner Waising Louie; Art Unit 2814 

(571) 273-8300 

Ronald J. Corbett 

Serial No.; 10/727,709 
Attorney Docket No.: BAO 39 
LUCT-125888 

June 30, 2005 

J2_ (including cover page) 



NO. 1639 P. ] 

03 MM 



^^^^^T^S^^^^^^X^ PRIVILEGED, CONFIDENTML 
REIMBURSE yWFOR^SSl^^^u^^^^^JTOTW ADDRESS BElST^^I 

MESSAGE: 

Please send fax confirmation to: 972^80-8865 



Str^tA^ .„ .. ^ aiUn e Ad,lre ss: f.O. Box 832570, RidwniJOn.TeiM 75QS3-2570 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 
Q/black borders 

(u image cut off at top, bottom or sides 
d faded text or drawing 

□ blurred or illegible text or drawing 
q sinewed/slanted images 

13 color or black and white photographs 

□ gray scale documents 

□ lines or marks on original document 

□ reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



